The three-dimensional structures of two common repeat motifs Val 1 -Pro 2 -Gly 3 -Val 4 -Gly 5 and Val 1 -Gly 2 -Val 3 -Pro 4 -Gly 5 -Val 6 -Gly 7 -Val 8 -Pro 9 of tropoelastin are investigated by using the multicanonical simulation procedure. By minimizing the energy structures along the trajectory the thermodynamically most stable low-energy microstates of the molecule are determined. The structural predictions are in good agreement with X-ray diffraction experiments.
Determination of the folded structure of biological macromolecules such as polypeptides and proteins is an important goal in structural biology. Because the three-dimensional structure gives their biological activity [1] . The atomic interactions of a protein are commonly modeled by an empirical potential energy function, which typically leads to a complex energy landscape consisting of a tremendous number of local minima.
The major difficulty in conventional protein simulations such as the Metropolis Monte Carlo method or molecular dynamics lies in the fact that simulations are not effective at temperatures of experimental interest because the system becomes trapped in one of a huge number of energy local minima. The development of novel global optimization algorithms for the protein folding problem is still an active area of research. One way to overcome this problem is to perform simulation in a generalized-ensemble [2, 3] where each state is weighted by non-Boltzmann probability weight factor, so that a flat histogram in potential energy space may be realized. This allows the simulation to escape from any energy barrier and to sample much wider conformational space than conventional methods. One of the well-known, powerful generalized-ensemble methods is the Multicanonical algorithm (MUCA) [4] . The trapping problem can be alleviated by the multicanonical simulation (MUCA) method. In one simulation all the temperature range is determined and all thermodynamic quantities are calculated.
The problem of protein folding entails the study of a nontrivial dynamics along patways embedded in a rugged landscape. Therefore, development of efficient methods for conformational search is of central importance. Methods for searching energy landscape and low-energy conformations are proposed [5, 6, 7] , energy landscape perspectives are investigated [8] . Such a goal can be achieved within the multicanonical ensemble approach.
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While the MUCA ensemble is based on a probability function in which the different energies are equally probable:
where w(E)'s are multicanonical weight factors. Hence, a simulation with this weight factor, which has no temperature dependence, generates a one-dimensional random walk in the energy space, allowing itself to escape from getting trapped in any energy local minimum.
Re-weighting techniques (see Ref. [9] ) enable one to obtain Boltzmann averages of various thermodynamic properties over a large range of temperatures. The advantage of this algorithm lies in the fact that it not only alleviates the multiple-minima problem but also allows the calculation of various thermodynamic quantities as functions of temperature from one simulation run. This demonstrates the superiority of the method.
To verify the coverage of the low-energy region by the MUCA sample, I also minimized the energy of conformations of the trajectory and indeed recovered the global energy minimized structure and other low energy minimized structures [10] . 
In previous works, X-ray diffraction data were used to determine, at room temperature, the crystal structure of a repeat pentapeptide of elastin [12] . Nuclear magnetic resonance (NMR) studies have
shown that the repeated-oligopeptide segments of elastin are composed of subunits that are conformationally equivalent within the NMR time scale. Several secondary structural elements have been proposed as features of one or more of these repeated peptide segments [13] .
Alternative approaches such as computer molecular modeling starting from amino acid sequences can contribute to a better understanding of the three-dimensional structures of these repeating oligopeptides. In this work, I determine all the thermodynamically stable conformations populated by the molecule, not only the stable structure at room temperature. The MUCA weights were built recursively during a long single simulation where the multicanonical parameters were re-calculated every 5000 sweeps and 200 times which adds up to 1,000,000 sweeps total. Several such simulations were carried out and the final MUCA weights of the best simulation were used in the following MUCA production run of another 1,000,000 sweeps. In all cases, each multicanonical simulation started from completely random initial conformation. No a-prori information about the groundstate conformation is used in simulations.
As pointed out in the Introduction, for peptides it is not only of interest to obtain thermodynamic averages and fluctuations at different temperatures, but also to find the most stable regions in the conformational space, which allows to identify the most stable wide microstates.
Proteins are expected to populate low energy wide microstates even at room temperature, while peptides might also populate relatively higher energy microstates. Therefore, it is of interest to investigate the conformational coverage provided by MUCA, in particular in the low energy region [10] . In order to classify the microstates according to the potential wells they belong around thermodynamically stable different structures, each conformation of the simulation data was subjected to energy minimization.
Following the methods proposed by Meirovitch et al. [16] , the configurations generated in and its conformation is depicted in Fig 1. The number of structures found in energy bins of 0.5 kcal/mol above E = −17.94 kcal/mol appear in Table I The superiority of the multicanonical approach lies in the fact that MUCA provides the sampling of conformations at all temperatures from one simulation run, therefore enables one to study thermodynamics of the system under consideration. The distribution of backbone dihedral angles were analyzed and the Ramachandran plots were prepared for each residue of conformations. In Fig 2 the Ramachandran plots for the nanopeptide sequence (except proline residues) of typical structures for three temperature ranges are presented. The first set of seven plots ( for the seven amino acid residues except prolines.) is for GEM structure and structures pertaining to the lowest energy bin above the GEM ( bin 1 in Table I ). The second and third sets shows the most probable structures for the two temperature regions, 130 -140 K and 290 -300 K, respectively. One can easily see that the sample points in the set of plots at higher temperatures ( the right column) are more scattered, but each plot contains the corresponding low temperature partner ( the plot at the left column) as a subset. This means that these two groups are in the same well-defined valley in the energy space. Therefore it becomes possible to track a chosen conformation at room temperature goes to which one of the lowest energy states as the temperature lowered. Among the 1096 6 conformations ( first bin in Table I ) These results are in agreement with previous studies, both experimental [17] and simulation [18] approaches, which suggest that the main secondary structure in elastin is short β-turns. Circular dichroism (CD) and NMR measurements gave evidence of flexible β-turns as the dominant structural feature [19, 20] .
In addition, the plots of confirm the experimental findings of X-ray studies [12] and CD studies [19] . Condidering computer time, MUCA simulation required a 9 hour production run of 1 million sweep for nanopeptide on a DEC-Alpha 433 workstation. with energy E = −4.40 kcal/mol .
